It has been proposed that the microwave-induced "zero-resistance" phenomenon, observed in a GaAs two-dimensional electron system at low temperatures in moderate magnetic fields, results from a state with multiple domains, in which a large local electric field E(r) is oriented in different directions. We explore here the questions of what may determine the domain arrangement in a given sample, what do the domains look like in representative cases, and what may be the consequences of domain-wall localization on the macroscopic dc conductance. We consider both effects of sample boundaries and effects of disorder, in a simple model, which has a constant Hall conductivity, and is characterized by a Lyapunov functional.
INTRODUCTION
The spontaneous formation of domain patterns is a frequent occurrence in nonequilbirium systems, and it has been extensively studied in fluid systems subject to heating or rotation, in nonequilibrium crystal growth, in driven interfaces between immiscible fluids, in roughness patterns on fracture surfaces, in chemically reacting fluids, in dielectric breakdown, in liquid crystal structures, in nonlinear optics, and in motion of granular materials.
(1−3) In some cases, domain formation is truly an example of spontaneously broken symmetry, i.e., there are two or more domain structures which are equally possible, and selection between them is triggered by thermal noise or some other accident of the history of the sample. In other cases, small perturbations due to frozen-in disorder, peculiarities at the boundaries, or other deviations of the physical system from a symmetric idealized model are responsible. In this paper, we discuss a recently discovered system where spontaneous formation of domains is believed to occur and to play an important role in macroscopically observable properties, the so-called microwaveinduced zero-resistance state in two-dimensional electron systems, in the presence of a moderately strong magnetic field, at low temperatures.
Experiments on very high mobility two-dimensional electron systems in GaAs heterostructures, in fields ranging from about ten to a few hundred millitesla, have shown large changes in the dc resistance in the presence of microwave radiation, whose sign depends on the ratioω ≡ ω/ω c between the microwave frequency ω and the cyclotron frequency ω c .
(4) In particular, decreases in the resistance have been observed whenω is somewhat larger than the nearest integer. Moreover, in these frequency intervals, if the microwave power is sufficiently high, the resistance can drop by several orders of magnitude, perhaps falling below the experimental sensitivity, whence the designation Zero Resistance State. We note that in the presence of a magnetic field, where there is a nonzero Hall conductance, zero longitudinal resistivity is equivalent to zero longitudinal conductivity: the current is perpendicular to the electric field. Here, we find it more convenient to emphasize the conductivity rather than resistivity. The longitudinal resistance is most directly measured in a Hall bar geometry, whereas the longitudinal conductance is measured in an annular Corbino geometry, illustrated in Fig. 2 .
Two distinct microscopic mechanisms for conductivity corrections have been proposed: (i) the displacement photocurrent (DP), (5) which is caused by the photoexcitation of the electrons into displaced guiding centers; and (ii) the distribution 
